INTRODUCTION
The World Health Organisation (WHO) states that women should have access to obstetric care, including caesarean section (1) . The WHO has suggested that a caesarean section rate that was either too low or too high could be associated with poor outcomes (1) .
Caesarean section is suggested to be the most common major operation performed in Sub-Saharan Africa to save mother's lives, yet few women in this region receive the caesarean section they need (2) . Caesarean section is suggested to be as low as 0.5% of the total women requiring caesarean section in some areas (3). However, caesarean section can also be associated with severe morbidity and mortality even when performed under optimal conditions (4) . Furthermore the consequences of a scarred uterus from caesarean section on subsequent pregnancies if appropriate care is not sought can be catastrophic.
Symphysiotomy can be performed as an alternative in obstructed labour in regions where caesarean section is not available or not acceptable. Symphysiotomy can enlarge the pelvic diameter and facilitate birth in obstructed labour (box S1).
Symphysiotomy can widen the symphysis by 2.5cm (5) , it requires minimal equipment and anaesthesia and can be carried out by a practitioner trained in this technique (6) .
Aftercare consists of elastic strapping, bed rest and bladder catheterisation (5, 7) . However, there is scepticism around the practice of symphysiotomy (8) , as symphysiotomy is not without risk. Published reports suggested that without training symphysiotomy can be harmful and result in complications (9, 10) . Research also suggests that there are long term complications for this procedure, such as high-grade sacroiliac joint osteoarthritis when women are followed up around 40 years after the procedure (11) . However, some reports have suggested that both procedures can be comparable in some settings in terms of risk for the mother's life (12) ; therefore it is essential that the benefits and risks of each procedure are weighed for the woman and the setting. Furthermore, a Lancet commentary identified symphysiotomy as an 'underused priority technology' and suggested a systematic review and gathering data on long term clinical follow up as the critical next steps (13) . Therefore we have performed a systematic review with the best available evidence to compare the outcomes of symphysiotomy and caesarean section.
METHODS
Search Strategy: Databases were searched for studies comparing symphysiotomy and caesarean section for obstructed labour in all settings. The key outcomes of interest were maternal and perinatal mortality. Measures of maternal and perinatal morbidity were also examined. Following the hierarchy of evidence, the best available evidence was included in the review. MEDLINE, EMBASE, Cochrane library, CINAHL, African Index Medicus, the Reproductive Health Library, and the Science Citation Index were searched (from database inception to November 2015: Appendix 1). Hand searching complemented electronic searches, and reference lists were checked. The search terms were 'symphysiotomy'. No language restrictions were applied to the search.
Selection Criteria:
In the absence of higher levels of evidence, case comparison studies comparing symphysiotomy and caesarean section for obstructed labour were selected with the key outcomes of maternal and perinatal mortality. Initially the electronic searches were scrutinised by review of the abstracts, and full manuscripts of relevant studies were acquired. Final decisions on inclusion or exclusion of manuscripts were made after inspection of these manuscripts by multiple reviewers (AW, DE, ET).
No studies were excluded on the basis of quality.
Methodological quality assessment:
Once studies were deemed as suitable for inclusion, the quality of each study was assessed by two reviewers. The studies were assessed for adequacy of reporting using the STROBE checklist (14) . Risk of bias in the studies was assessed using the Newcastle Ottawa Scale (15) . The studies were evaluated for case definition adequacy, representativeness of the cases, selection of the controls, definition of the controls, comparability of the cases and controls, ascertainment of the exposure, as well as non-response rate. The risk of bias was deemed low if a study obtained four stars for selection, two stars for comparability and three stars for ascertainment of exposure (15) . Medium risk of bias was suggested to exist in studies with two or three stars for selection, one for comparability and two for exposure. Any study scoring one or zero stars for selection, comparability or exposure was classed as having high risk of bias.
Data Collection: Information was extracted from each article on study characteristics, study quality and outcome data by multiple reviewers (AW, DE, ET). The key outcomes of interest were maternal and perinatal mortality. Further outcomes of interest were measures of maternal morbidity measures such as fistulae, infection, haemorrhage, stress incontinence, stillbirth and perinatal mortality.
Statistical Analysis: Data for effect estimates (Risk Ratios) were extracted and metaanalysed using a random effect model, to account for the variability in the setting and clinical indication of the caesarean section or symphysiotomy of the women included.
Heterogeneity of treatment effects was evaluated using forest plots, chi square tests and its magnitude determined by computing I 2 statistic. Analyses were performed using REVMAN 5.3 statistical software.
RESULTS
Seven case comparison studies were included in the review (5, 7, (16) (17) (18) (19) (20) . The process of literature search and selection is given in Figure 1 . A total of 1266 women were included in this review, 537 cases (symphysiotomies) and 729 controls (caesarean sections). Study characteristics are shown in Table S1 , and the data of the outcomes reported in the studies are provided in Table 1 and Table 2 .
Study characteristics:
All seven studies were set in low and low to middle income countries as classified by the World Bank (21); Nigeria, Tanzania, India, Papua New Guinea (2 studies) and Zimbabwe (2 studies). The studies were conducted between 1961(7) and 2006 (5) and compared symphysiotomy and caesarean section for obstructed labour. A variety of settings were reported, one study took place in rural hospitals (20) , two studies took place in general hospital (18, 19) , and three in central or referral hospitals (7, 16, 17) , and one study did not report the setting (5) . Two studies reported on the cadre of the operator, in one study mainly obstetricians performed both symphysiotomies and caesarean sections (7), and in another study, during the earliest years of the study, symphysiotomies were performed by experienced doctors (16) . Two studies were prospective (5, 7) and five studies were retrospective (16) (17) (18) (19) (20) case comparison studies. The definition of obstructed labour or description of the diagnosis was reported with varying detail in the studies. Four studies reported a diagnosis of cepholpelvic disproportion on which the definition of obstructed labour was based (5, 7, 19, 20) , following failure to progress (19) . Three studies gave limited details reporting only that assisted delivery had failed (18) or that the procedure was performed due to obstructed labour (16, 17) . Studies reported on maternal, neonatal or perinatal mortality.
Fistula, incontinence, haemorrhage and infection were other commonly reported outcomes.
Patient characteristics:
All studies reported similar patient characteristics in terms of age and parity. Most women were between 20 and 30 years of age and were primigravid (16) (17) (18) (19) (20) . Two studies reported more primigravid participants in the symphysiotomy groups (16, 18) and one study reported a lower maternal height in the symphysiotomy group when compared with the caesarean section group (20) . Selection criteria for participants in the studies were similar, for example cases included: 1)
obstructed labour due to mild to moderate cephalopelvic disproportion (5, 19, 20) with an alive fetus, vertex presentation, advance cervical dilatation and a well engaged fetal head <3/5 th head palpable per abdomen (5, 17, 19, 20) ; 2) obstructed labour after failed ventouse or forceps (5, 17, 18) ; 3) trapped after coming head in vaginal breech (5) and 4) shoulder dystocia (5) .Two studies (17, 19) reported the inclusion of women with breech fetuses, and three studies included fetuses with vertex presentation only (5, 18, 20 ).
Study quality:
The studies achieved scores of between 8 to 16 out of 22 on the strobe checklist; for several studies, there were lack of details on study design, study size, bias, data sources, variables, statistical methods, participants, descriptive data, study limitations and funding (Table S2 ). The studies were deemed to have high risk of bias for selection, medium to low risk of bias for comparability, and medium to low risk of bias for outcome on the Newcastle Ottawa Scale (Table S3 ). Some studies reported on the efforts made to match cases, for example Hartfield et al (7) stated that consecutive patients having symphysiotomies were matched with the nearest patient in time having a caesarean section. A further two studies reported that attempts were made to time match index delivery (5, 16) . Two studies gave limited information and stated that both procedures were performed under similar conditions (19) or during the same period of time (20) . A further study stated difficulties in finding equal groups to compare (17) .
PRIMARY OUTCOMES
Maternal Mortality: Six studies, with 1203 women (5, 7, (17) (18) (19) (20) Three studies reported on vesico-vaginal fistulae (804 women (7, 17, 19) ) and metaanalysis demonstrated an increase in fistulae with symphysiotomy when compared with caesarean section (RR 4.19 95%CI 1.07, 16.39 p=0.04: Figure S4 ). There was no evidence of heterogeneity in the analysis (I 2 =0% p=0.43). One study stated that it was difficult to determine if the vesico-vaginal fistula was caused by obstructed labour or the operative interference (7), whereas another study stated that one vesico-vaginal fistula was caused by the procedure as a urinary catheter was not used. Another vesicovaginal fistula was reported to be the result of pressure necrosis of the bladder neck, not be related to the procedure (20) . Furthermore, meta-analysis also showed more cases of stress incontinence with symphysiotomy when compared with caesarean section (954 women RR 10.04 95%CI 3.23, 31.21 p=<0.0001: Figure S6 (7, 17-19)).
There was no evidence of heterogeneity in the analysis (I 2 =0% p=0.92). No data were provided for baseline prevalence of urinary incontinence in any of the studies, and no definitions were given for this outcome in the included studies. The reported cases were all described as stress incontinence, or stress incontinence needing operative treatment whilst receiving postnatal care.
Four studies reported infection as an outcome (839 women (5, (17) (18) (19) ) and metaanalysis demonstrated less infection with symphysiotomy when compared with caesarean section (RR 0.30 95%CI 0.14, 0.62 p=0.001: Figure S5 ). (17) reported both wound infections and sepsis; however it was suggested that the higher sepsis rate in the symphysiotomy group was due to the classification of cases. For example cases of fever with no other obvious cause of infection would be classed as sepsis, whereas cases of fever with some wound infection would be recorded as wound infection.
Long-term follow up: Limited data reported on long term outcomes (n= 270 women).
Three studies compared the long-term outcomes of symphysiotomy and caesarean section (Table 2) (7, 16, 17) Outcomes were reported between 20 months and 10 years in one study (7) , up to 15 years in another study, with a mean reported follow up time of four years for symphysiotomy and 2.9 years for caesarean section (16) , and between 10 to 13 years in the remaining study (17) . Long term outcomes for pain when walking (RR (16, 17) . Single studies reported on long term incontinence (16), muscle pain (7), headache (16), utero-vaginal prolapse (7), stress incontinence (7), sub-fertility (7), irregular menstrual cycle (7), scanty periods (7) and dysmenorrhoea (7) . There were no significant differences reported in any of these outcomes between the two groups, although follow up for some studies was poor (7).
DISCUSSION
Main Findings: Maternal mortality and perinatal mortality were comparable for both interventions. There were no differences in perinatal or neonatal mortality or haemorrhage. There was an increase in fistulae and incontinence with symphysiotomy.
Infection was less frequent with symphysiotomy although prophylactic antibiotics were given to most patients that received symphysiotomy. Most of these inferences however are based on a small number of events reported in the studies.
Strengths and Limitations:
The main limitation of this review is the potential bias.
None of the studies adjusted for confounding factors, for example, for factors such as duration of labour, delay in receiving treatment, or cadre and experience of operator.
Only three studies attempted to case match symphysiotomies with caesarean sections and this was not always possible due to the varying incidence of both procedures (5, 7, 16) . Furthermore, there was also heterogeneity in the definition of obstructed labour used across the studies, adding further limitation and possible bias to the results.
Moreover, the poor follow up rate with some studies was another limitation in this review. For example, in one study that assessed long term complications (7) up to ten years after the procedure, only 52% (109/207) of participants were followed up. There are known difficulties with long term follow up in studies, which may be increasingly problematic in low income countries (22, 23) .
The small sample size of the studies is an additional limitation, thus most inferences are based on limited numbers of events. Although there was no difference in maternal mortality with symphysiotomy when compared with caesarean section, most maternal deaths in the symphysiotomy group (7) were due to pre-eclampsia, rather than complications associated with the procedure; deaths from caesarean were primarily due to complications associated with the procedure, such as haemorrhage and infection.
A further limitation could be the disparity in the measurement of more subjective outcomes such as pain, incontinence and pyrexia, as studies did not give their reference definitions used to measure these outcomes. This is also limited detail on how infection was defined. There is therefore a possibility that measurement bias maybe present in these outcomes. Moreover, some outcomes such as incontinence may occur over time with or without either procedure; none of the studies provide information on the prevalence of incontinence in the studied population, nor do they state if this outcome was present prior to the procedure.
Interpretation:
Obstructed labour remains a leading cause of maternal mortality, and although caesarean section is advocated to reduce morbidity and mortality (24), there are risks with caesarean section not only for the current pregnancy, but also for the woman's future reproductive outcomes. Caesarean section scars the uterus and puts it at risk of rupture in future pregnancies, which is more likely in areas where resources are limited and lengthy transfers between health centres are common. In countries where mortality from caesarean section is low, such as high income countries with current standards of obstetric care, symphysiotomy may be obsolete (25) . Even at the peak of the popularity of symphysiotomy, it was not widely used in Britain and North America (26).
In the absence of randomised data, a Cochrane review (27) 
CONCLUSION Research recommendations:
Further primary research of sound quality is needed to draw firm inferences on the safety of symphysiotomy for obstructed labour. The appropriateness of using a randomised controlled trial to answer this question needs to be considered. Caesarean section is one the commonest surgical procedures performed worldwide and has good data on the benefits and risks (29) . Caesarean section is generally associated with a low complication rate (27) yet like many surgical procedures this can fluctuate with the skill of the operator, the reason for the procedure, the clinical environment and any co-morbidities (29), and thus the complication rate may differ significantly between high and low income countries. A comparable body of evidence is not available for the risks and benefits associated with symphysiotomy (27) , as it is a much less common procedure.
Practical recommendations:
The inferences made from this review are based on the limited data available; however our analysis suggests that there is no difference in maternal and perinatal mortality from symphysiotomy when compared with caesarean section. The incidence of fistulae is increased with symphysiotomy, yet infection, a common cause of maternal mortality, appears to be lower with symphysiotomy, although this may be due to the administration of prophylactic antibiotics to this group.
This review found long term complaints to be similar for symphysiotomy and caesarean section. However a retrospective case-control study (11) (n=50) found that there were more cases of high-grade sacroiliac joint osteoarthritis with symphysiotomy (80%). This however, was seen in the majority of women in both groups when followed up at a mean time of 41.6 years after the procedure. Moreover, there was a higher prevalence of parasymphyseal degeneration in women that underwent caesarean section when compared to symphysiotomy .
There has been recent debate about symphysiotomy and pubiotomy being performed on women in the Republic of Ireland between 1944-1984. It has been suggested that many women underwent symphysiotomies during childbirth, without knowledge and adequate informed consent and experienced morbidity for many years after the procedure (30) . Thus several women that underwent this procedure without adequate knowledge and consent are contemplating legal proceedings (30) .
Based on the current evidence, we conclude that symphysiotomy may be useful in situations where caesarean section is too risky or unavailable (box S1). As neither procedure is without risk, it is essential to weigh up the risks and benefits of each procedure, in line with the setting, population, resources available, and the patients reproductive history and future reproductive plans.
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• Review conditions for symphysiotomy:
-fetus is alive;
-cervix is fully dilated;
-fetal head at -2 station or no more than 3/5 above the symphysis pubis;
-no over-riding of the head above the symphysis; -caesarean section is not feasible or immediately available;
-the provider is experienced and proficient in symphysiotomy. Citations excluded after screening title and/or abstracts: n = 528
Primary articles fulfilling inclusion criteria for systematic review n= 7
Articles excluded after review of full text with reasons
No primary data n = 18
Not primary outcome n= 1
Unable to obtain n = 3
Incorrect intervention n = 2
No comparison n=29
Duplication n=1
Total excluded n = 54
Full manuscripts retrieved for detailed evaluation: n = 61 
